Attributes remain to be of the utmost importance for the characterization of seismic data. Especially in the scale-range where tuning effects play, the understanding of what is happening, and the subsequent technology to extract the proper attributes from the huge seismic data-volumes remains current. This study starts with the analysis of a set of typical petrophysical log shapes. These log shapes have a thickness of 5 to 50 meter, commonly below the seismic resolution, in the region of tuning effects. The synthetic seismic reponses for these logs indicated that the local shape of the wavelet could be indicative. From the vast range of wavelet-transform based tools, the matching pursuit analysis approach using a specific type of Gabor-atoms was selected. This was done because of the attractive Rickerwavelet shape of these atoms, a shape commonly found in seismic data. This method proved to be able to extract the phase attribute (along with other attributes) from real seismic data. Distinct populations in the phase attributes were found that could be related to facies-types in a delta-system. This method is compared with the well-established concept of the analytic trace. The proposed method is extracting information on a larger scale compared to the principal components from the analytic trace, making it less sensitive to noise. This has a draw-back in a lower resolution in the time direction, but due to the choice of a very seismic (Ricker) wavelet, this is not so troublesome.
Introduction
In reservoir geophysics, the spatial configuration / distribution and connectivity of sandbodies is of great importance in the decision making process during the consecutive planning, development and reservoir management phases of a reservoir [10] . Especially in case of jigsaw puzzle and labyrinth-types of reservoir, the architecture is too complex to enable the straightforward correlation of logs between wells [14] . An example of a labyrinth type of reservoir is a delta-system (e.g. the current Mississippi delta). This system has a characteristic configuration of different types of sandbodies, so called faciestypes, e.g. distributary channels, levees, crevasse splays, etc., embedded in a matrix of marsh / marine clay. Each facies-type shows distinct reservoir properties.
In this type of reservoir is the well-information always insufficient located to result in an adequate model of the reservoir-volume. 3D-seismic data provides a dense and regularly sampled data volume, making it a good candidate for guiding the extrapolation of the well-log data into the total reservoir volume [4] . A problem is often that the individual sandbodies are not seismically resolvable, due to the combination of the limited frequency contents of the seismic signals and the relatively small thickness of the individual facies-types (on the order of 5 to 50 meter). No individual responses for the upper and lower boundary of the sandbodies can be seen in the seismic data, but they will interfere with eachother, resulting in the so-called tuning effects. Often a homogeneous layer between two half-spaces is studied. In general, the properties within a facies-layer are not constant.
Characteristic internal evolution within facies
The characterization of facies-types in wells is often based on their gamma-ray log shapes. The gamma-ray log measures the natural radioactivity of the strata, and is interpreted as inversely related to the average particle size or the energy of the depositional environment. High gamma-ray log responses indicate small particle size / low energy, low reponses indicate clean sandstones and high depositional energy. Four classes of log shapes are commonly distinguished, each with its own type of base and top sand contact and with its internal evolution of the energy of deposition [5] (see Figure 1 ). Bell and blocky shapes are typical for fining upward types of sequences (e.g. channel fills), a funnel shape is typical for offlap deposits / coarsening upward sequences (e.g. fluviomarine fans). A barrel shape is a composite of a bell shape over a funnel shape. 
Seismic expression of facies
Natural radioactivity (the basis for the typical log-shapes in Figure 1 ) is a petrophysical property not of direct importance for the seismic wave. Only the acoustic impedance ( :cP ) is directly related to the reflection coefficient for normal incidence P-waves. Although the relationship between acoustic impedance and natural radioactivity is not straightforward, the signature of the sequence is considered to remain present [5] . One problem is that the acoustic impedance of the coarser grained material can be higher or lower than that of the finer grained material, depending on the local situation.
Using a layer-code algorithm (taking internal multiples into account), and a convolution with a Ricker wavelet, a seismic trace is constructed. The mean frequency of the Ricker wavelet is chosen at 40 Hz, the thickness of the layers is 25 m. On the righthand side of each subfigure of Figure 2 , the seismic response is produced. Note that only the polarity of the seismic trace would change when porous sandstone exhibits a higher acoustic impedance than shale. Although the resolution of the seismic measurement is too small to resolve the internal detail, the shape of the resulting wavelet is noticable different, but is stable over a range of frequency/thickness-ratios. This difference in shape can be indicative for the type of sequence and can be characterized using a phase attribute.
Matching Pursuit analysis using Gabor-atoms
Different methods exist to obtain the phase-information from a trace. A well-known method is using the analytic trace [6, 13, 12, 3, 7] , a complex trace constructed by taking the original trace as its real part and the Hilbert transform of the original trace as imaginary part. Instantaneous attributes are computed from the analytic trace at every point, principal attributes on the contrary are related to an event, defined at peaks of the envelope. These principal attributes are still at rather small scale and sensitive to noise as will be discussed later. By smoothing/stacking along the direction of the most coherent dip, the sensitivity to noise can be reduced.
The method we propose to derive the phase attribute, is to make use of a matching pursuit approach [9, 2] . A wide set of basis functions can be chosen depending on the circumstances. Here the Gaussian-function is chosen as basis function, resulting in: the so-called Gabor atoms, where where is the scale (the width of the wavelet), is the time-shift (or the translation of the wavelet), is the frequency modulation and is the phase. The atoms are complex and analytic. The frequency modulation is chosen as 1 (because the shape of the real-part of the wavelet is close to the often observed Ricker wavelet [11] , the imaginary part being its Hilbert-transfor)), resulting in a complex wavelet as presented in Figure 3 .
These atoms constitute a set of functions ( ; =1; ; ) (t). The degree of match is found by projecting the complex atoms onto the signal. The best match is found where the modulus of the complex degree of match is maximized in function of time-shift (Figure 4(b) ). This analysis is done on a time-window with the seismic event of interest ("time range" on Figure 4(b) ). The best matching atom is plotted on the seismic trace (Figure 4(a) ). The parameters of this optimal atom constitute the local wavelet attributes: amplitude, scale ( , related to frequency), time-shift ( ) and phase ( ).
Compared to the phase derived from the analytic trace [13, 12] , a matching pursuit wavelet has a larger support or fits on a larger scale in time ( Figure 5 ). This means that it will be less sensitive to noise, but as a trade-off the resolution in the time-direction will be less. In the analytic trace technology a smoothing/stacking in the perpendicular inline-direction is used.
Applying the matching pursuit methodology to the typical sequences of Figure 2 results in the phases plotted in Figure 6 . The phase-attribute seems to be characteristic for the nonsymmetrical sequence-types.
Real data example
The described methodology is applied on a 3-D migrated dataset (courtesy of Geco-Prakla) on the continental shelf in the Gulf of Mexico. The data originates from the South Marsh Island area, of the coast of Louisiana, west of the current delta of the Mississippi river. The sedimentary layers imaged in the seismic cube are recent, originating from the Pleistocene period. The same data-set was also used for evaluating the coherence cube technology [1] , although only the results on a small subset of a delta-system will be shown here. At the conference highly detailed results on a submarine canyon will also be shown.
The results in Figure 7 show the ability to pick consistent geological features. From the time-shift ( ) attribute, we note the smooth character of the picked events. Also in the other attributes the same consistent patterns exist. Figure 8 is a rose-diagram with phase-results on interpreted geological facies. Distinct distributions of the phase for each facies seems to exist. No direct comparison can be made with the results of the synthetic sequences in Figure 6 , because the absolute phase information is altered on several occasions in the processing sequence (e.g. wavelet shaping, multiple removal, imperfect migration). Nevertheless, relative phase-differences seem to be indicative for distinct geological entities.
On another subset (not shown here) -patterns in the phase attribute were found inside a distributary channel. Very subtle differences in the trace were picked up by the phase-attribute. Following [8] , these patterns might indicate a 300 to 400 meter large bar system. 
Conclusions
A study on some characteristic petrophysical log shapes showed that the shape of the seismic wavelet might be indicative for the type of sequence in the range of tuning effects. A matching pursuit approach with Gabor-atoms was chosen to extract the phase information from the seismic traces. The methodology proved to be very stable in the presence of noise, due to the fitting over a certain length of the trace. A trade-off in the resolution relative to the analytic trace method was found. The attributes derived from the proposed method form an almost orthogonal set of parameters, each of the attributes characterizes a distinct aspect of the local wavelet: the amplitude being only related to the height of the wavelet, phase to its shape, scale to its length ( method was applied on real data in a delta-system, and proved to give geologically consistent results. The described method analyses traces independently. This means that the attributes are absolute (related to one trace) and can therefore be used for the characterization of the local facies, unlike relative methods where (dis-)similarities between traces are used.
